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INTRODUCTION
Landslides are notorious in Colombia due to the rough topography and tropical rainfall conditions 
and thus a major hazard in many regions of the country. The Combeima region, Tolima province, 
is a particularly affected area, including several population centers along the valley and the 
regional capital Ibagué (ca. 0.5 million inhabitants). In addition to rainfall-triggered landslides, 
the area is endangered by hazards from the glacier-capped active volcano Nevado del Tolima. 
Hundreds of people have been killed by landslides and debris ﬂows in the past. Most recently, 
multiple slope failures and landslides destroyed major parts of population centers in June 2006. 
These recurring events are therefore a serious threat to life, welfare and local economy. So 
far, activities have mainly been focused on reconstruction after disasters, and prevention and 
preparedness activities have not been sufﬁciently been developed. 
The need for prevention has now increasingly been recognized, and efforts are undertaken 
towards integrated risk management strategies. This contribution presents a project supported 
by the Swiss Agency for Development and Cooperation SDC that aims at reducing the risks 
in the Combeima region by implementing an integral risk management. The project addresses 
different levels, including (i) hazard and risk analysis; (ii) disaster prevention with a landslide 
early warning system (EWS); (iii) preparedness activities with the local communities; and (iv) 
strengthening institutional collaboration and good governance. The project is a collaboration of 
several national and regional institutions in Colombia under the umbrella of the National Disaster 
Prevention System, and represents a pilot project for the local management and prevention of 
risks. 
Design and implementation of an early warning system
A major project line centers on the implementation of a landslide EWS. The appropriate 
implementation and operation of a landslide EWS is a complex task and only few examples can 
be found worldwide. Probably the earliest landslide EWS was developed in the San Francisco 
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Bay region (USA) in the mid-1980s and consisted of a real-time network of rain gauges, 
precipitation forecasts, and relations between rainfall and landslide initiation to deﬁne the alert 
level (Keefer et al., 1987). The relation between rainfall and landslide occurrence, or in more 
general terms, the understanding when, why, and how large landslides occur is an important 
basis for an EWS. A number of physical models were developed that describe the mechanics 
of material strength, gravitational stress, pore-ﬂuid pressure and external forces (e.g. Iverson 
et al., 1997; Petley et al., 2005). A major drawback to apply physical-mechanical models for 
landslide EWS is the great variability of properties of earth materials and slope conditions that 
make the prediction of when and where a landslide occurs very difﬁcult. Therefore, empirical 
relations between rainfall duration or intensity and landslide initiation are typically applied for 
EWS. These relations need to be established by a record of landslide-triggering rainfall events. 
Several relations have been presented for different regions worldwide (Guzzetti et al., 2007), 
but none for Colombia so far. Due to the strong variability of rainfall and soil conditions, it is 
indispensable to develop a rainfall-landslide relation adapted to the region where the EWS is 
about to be implemented.
In this project, about 30 landslide events and the respective rainfall data were used to derive an 
empirical relation. The analysis shows that the antecedent rainfall is likely the more important 
parameter than rainfall intensity in generating landslide in the Combeima valley. It should be 
considered, however, that the spatial variability of rainfall and incomplete event description 
induce an uncertainty into the rainfall-landslide threshold. It is essential that this uncertainty is 
adequately managed in a EWS and efforts are put to reduce it. To improve the rainfall monitoring 
in the area, three real-time rainfall gages were installed at sites located closer to the landslide 
initiation zones. To further reduce the uncertainties, the rainfall stations were equipped with 
geophones that transmit increasing debris ﬂow activity in the stream channels. A third control is 
achieved by local observers that report potentially landslide-producing situations timely to the 
EWS center in Ibagué. At this center which is hosted at the Regional Emergency Committee 
(REC) all available information is analyzed 24 hours a day. Rainfall and geophone measurements 
are transmitted in real-time to a internet application and REC operators or other potential users 
can directly consult the internet to determine whether a rainfall-landslide threshold is reached. 
An emergency protocol deﬁnes the different levels of warning and the corresponding actions to 
be taken. 
The local and institutional level 
The EWS is only successful if it is also borne by the local population. This is particularly true 
in relation to the conﬂict of illegal armed groups that also affects the Combeima region. Even 
though the technical side of the EWS is complex, the greatest potential for failure exists if the 
local population is inadequately prepared for emergencies. Therefore, preparedness programs are 
an integral part of the project to support the population in EWS handling and emergency actions. 
In accordance with other studies elsewhere it is has been recognized that different perceptions 
of the risk by the local population, distrust in authorities, economic pressure and poverty and 
other factors can be very important for the success or failure of disaster risk reduction efforts 
(Carey, 2008). It is therefore an aim to improve the communication and understanding between 
authorities and affected population. 
The project is furthermore active on the institutional and governance level. While the project 
has had so far a positive effect on the collaboration of the different institutions concerned 
with the various components of risk management, and has raised awareness, and improved 
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communication, among governmental and non-governmental actors, it has also become evident 
that effective disaster risk reduction is hampered by a deﬁcient appropriation and empowerment 
of local and regional risk prevention agencies. 
Fig. 1: Landslides and debris ﬂow disaster in the Combeima valley, June 2006 (left, photo by Cruz Roja 
Colombiana); and map showing the rainfall gauges with the respective alert level as it can be consulted 
on the internet (right).
CONCLUSIONS
The project described here successfully designed and implemented a landslide EWS in a 
region in Colombia that has been repeatedly and severely affected by landslides. The EWS is 
embedded in a integral risk management strategy and represents a pilot project for Colombia 
that may be replicated in other parts of Colombia or abroad. The technical side of the EWS 
poses several challenges, the most important of those expressed by the appropriate management 
of the uncertainties on the spatial and temporal prediction of landslide occurrence. Emergency 
protocols and their practical application are crucial for the success of the EWS and involve a 
correct communication among responsible government agencies, and an adequate response of the 
local population. The appropriation of the EWS by the local communities is strongly increasing 
a successful risk reduction. Likewise, the experience and data collected during continuous EWS 
operation reduces the risk of warning failures. As a consequence, it is beneﬁcial if responsible 
national or regional government and international donors agencies recognize the long-term 
perspective of corresponding efforts. Most important lessons learned are currently systematized 
and made available for future improvements in risk reduction. 
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INTRODUCTION
The Climate Change Adaptation Programme (PACC) initiated by the Swiss Agency for 
Development and Cooperation (SDC) in 2008 in Peru aims at identifying climate change 
impacts in the Andean Cuzco and Apurimac regions in Peru, and to implement a set of adaptation 
measures to reduce adverse effects of climate change. The PACC is operating on a 4 year basis 
and includes a scientiﬁc base line along with concerted adaptation measures on a regional and 
local level, accompanied by a multi-level policy dialogue. 
The scientiﬁc cooperation involves a number of research institutions in Peru and in Switzerland 
and provides the base line for the speciﬁc adaptation measures. It further on generates know-
how and capacities on both the Peruvian and Swiss side in the ﬁeld of climate change adaptation 
in a developing country context and shall facilitate the integration of climate change issues 
into running development efforts of Switzerland in Peru. Similarly, it is important that the 
climate change perspective be integrated in local and regional disaster risk reduction policy and 
activities. 
The PACC focuses on three major areas: (i) disaster risk reduction; (ii) water resource 
management; and (iii) food security. We will concentrate in this contribution on the aspects 
of disaster risk reduction, yet in an integrative climate change context, and show how climate 
change and natural disaster risk can be assessed and corresponding risk reduction activities 
taken. 
Current situation in the study regions
The programme is focused on Cusco and Apurimac regions in Peru of which the main territory 
is located in the Altiplano region of the Andes between about 3000 and more than 4000 m asl 
with mountain peaks reaching elevations of more than 6000 m asl. The population of both 
